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|0001] The invention relates fo an apparatus for 
endovascular electrothrombic formation of thrombi in 
arteries, veins, aneurysms, vascular malformations and 
arteriovenous fistulas. 

J0Q62] Approximately 25,000 intracranial aneurysms 
rupture every year in North Americas. The primary pur- 
pose of treatment for ruptured intracranial aneurysm is 
to prevent repleading. At the present time, three genera! 
methods of treatment exist, namely an extravascuiar, 
endovascular and extra-endovascuiar approach, 
[0003] The extravascuiar approach Is comprised of 
surgery or microsurgery of the aneurysm or treatment 
site for the purpose of preserving the parent artery. This 
treatment is common with intracranial berry aneurysms. 
The methodology comprises the step of clipping the 
neck of the aneurysm, performing a suture-ligation of 
the neck, or wrapping tie entire aneurysm. Each of 
these surgical procedures Is performed by intrusive 
invasion into the body and performed from outside the 
aneurysm or target site, General anesthesia, craniot- 
omy, brain retraction and arachnoid dissection around 
the neck of the aneurysm and placement ol a clip are 
typically required in these surgical procedures. Surgical 
treatment of vascular intracranial aneurysm can expect 
a mortality rate of 4-8% with a morbidity rate of 1 8-20%. 
Because of the mortality and morbidity rate expected, 
the surgical procedure is often delayed while waiting for 
the best surgical time with the result {hat an additional 
percentage of patients will die from the underlying dis- 
ease or defect prior fo surgery. For this reason the prior 
art has sought alternative means of treatment 
[0004] In the endovascular approach, the interior of 
the aneurysm is entered through the use o; a microcath- 
eter. Recently developed microcatheters, such as those 
shown by Engleson, "Catheter Guidewire", U.S. Patent 
4,884.579 and as described in Engleson, "Catheter for 
Guidewire Tracking", U.S. Patent 4,739,768 (1988), 
allow navigation into the cerebral arteries and entry into 
a cranial aneurysm. 

[Q0OS] In such procedures a balloon is typically 
attached to the end of the microcatheter and it is; possi- 
ble to introduce the balloon info the aneurysm, inflate it, 
and detach it, leaving it to occlude the sac and neck with 
preservation of the parent artery. While endovascular 
balloon embolization of berry aneurysms is an attractive 
method in situations where an extravascuiar surgical 
approach is difficult, inflation of a balloon into the aneu- 
rysm carries some risk of aneurysm rupture due to pos- 
sible over -distention of portions of tie sac and due to 
the traction produced while detaching the balloon. 
[0006] While remedial procedures exist for treating a 
ruptured aneurysm during classical extravascuiar sur- 
gery, no satisfactory methodology exists If the aneu- 
rysm breaks during an endovascular balloon 
embolization. 

[0007] Furthermore, an ideas emboiizing agent should 



adapt Hseif to the irregular shape of the internal walls of 
the aneurysm. On the contrary in a balloon emboliza- 
tion the aneurysmal wall must conform to the shape of 
the balloon. This may not lead to a satisfactory result 

s and further increases the risk of rupture. 

[0088] Stsii further, balloon embolization is not always 
possible- If the diameter of the deflated balloon is too 
great to enter the intracerebral arteries, especially in the 
cases where there Is a vasospasm, complications with 

to ruptured intracranial aneurysms may occur. The proce- 
dure then must be deferred until fie spasm is resolved 
and ifiis then incurs a risk of rebleeding. 
[OOffS] In the extra-lntr avascular approach, an aneu- 
rysm is surgically exposed or stereotaxicaliy readied 

is with a probe. The wail of the aneurysm is then perfo- 
rated from the outside arid various techniques are used 
to occlude the Interior in order to prevent it from rebleed- 
ing. These prior art techniques include elecfrothrorobc- 
sis, isobutyl-cyanoacrylate embolization, hog-hair 

so embolization and ferromagnetic thrombosis, 

[0010] In the use of eiectrothrombosis for extra-intra- 
vascuiar treatment the tip of a positively charged elec- 
trode :s inserted surgically into the interior of the 
aneurysm. An application of the positive charge attracts 

25 white blood ceils, red blood cells, platelets and fibrino- 
gen which are typically negatively charged at the normal 
pH of the blood. The thrombic mass is then formed in 
the aneurysm about the tip. Thereafter, the tip is 
removed. See MuHan. "Experiences with Surgical 

so Thrombosis of Intracranial Berry Aneurysms and 
Carotid Cavernous Fistulas", J. Neurosurgical. 41, 
December 1974; Hosobuchi, "Eiectrothrombosis 
Carotid-Cavernous Fistula", J, Neurosurg,, Vol. 42, Jan- 
uary 1975; Araki et a!., "Electrically Induced Thrombo- 

35 sis for the Treatment of Intracranial Aneurysms and 
Angiomas", Excerpta Medica international Congress 
Series, Amsterdam 1965. Vol. 110, 851-654; Sawyer et 
al., "Bio-Electric Phenomena as an Etiological Factor in 
Intravascular Thrombosis", Am. J. Physiol., Vol. 175, 

4i> 103-107 (1953); J. Piton et ai„ "Selective Vascular 
Thrombosis induced by a Direct Electrical Current; Arsi- 
;naf Experiments*', J. Neuroradiology, Vol. 5, pages 139- 
152 (1978). However, each of these techniques involves 
some type of intrusive procedure to approach the aneu- 

45 rysm from the exterior of the body: 

{801 1] The prior art has also devised the use of a liq- 
uid adhesive, isobutyl-cyanoacrylate (1BCA) which 
polymerizes rapidly on contact with blood to form a firm 
mass. The liquid adhesive is injected into the aneurysm 

so by puncturing the sac with a small needle. Irs order to 
avoid spillage into the parent artery during IBCA injec- 
tion, blood flow through the parent artery must be 
momentarily reduced or interrupted. Alternatively, an 
inflated balloon may be placed in the artery at the Saves 

55 of tie neck of the aneurysm for injection. In addition to 
tie risks caused by temporary blockage of the parent 
artery, the risks of seepage of such a polymerizing 
adhesive into the parent artery exists, if it Is not com- 
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plefely blocked wifo. consequent occlusion of the artery, 
(0O12J Still further, the prior art has utilized an sir gun 
to inject hog hair through the aneurysm wall 16 induce 
internal' thrombosis. The success of Wis procedure 
involves exposing the aneurysm sufficiently to allow air 
gun injection and has not been convincingly sham- as 
successful tor thrambic formations. 
[001 3) Ferromagnetic thrombosis in the prior art in 
extrain'travascuiar treatments comprises the stereotas- 
tks- placement of a magnetic probe against the sac of the 
aneurysm followed by injection into the aneurysm by an 
injecting needle of iron microspheres, Aggregation of 
the microspheres through the extravascuiar magnet is 
followed by interneuysmafic thrombus. This treatment 
has not been entirely successful because of the risk of 
fragmentation of the metallic thrombus when the 
extravasaiiar magnet is removed. Suspension of the 
iron powder in methyl methymethacryiate has been 
used to prevent fragmentation. The treatment has not 
been favored, because of the need to puncture the 
aneurysm, the risk of occlusion of the parent ar tery, tie 
use of unusuai and expensive equipment, the need for a 
craniectomy and general anesthesia, and the necessity 
to penetrate cerebral tissue to reach the aneurysm. 
030143 Endovascular coagulation of biead is also well 
known in the aft arid a device using laser optical! 1 / gen- 
erated heat is shown by O'Reilly. "Optical Fiber with 
Attachabfe Metallic Tip for intravascular iassr Coagula- 
tion of Arteries, Veins, Aneurysms, Vascular Malforma- 
tion and Arteriovenous Fistulas*, U.S. Patent 4,735,201 
(196.8). See alsOi O'Reilly at ai., "Laser induced Ther- 
mai OcciySion Of Berry Aneur ysms: Irt'rtiai Experimental 
Results", Radiology, Vol. 171, No. 2, pages 471-74 
(1989). O'Retiiy places a tip into an aneurysm by 
means of an. endovascuiar microcathetsr. The tip is 
adhesively bonded to a optic fiber disposed through the 
micfocatheter. Optical energy is transmitted along the 
optic fiber from a remote laser at the proximal end of the 
microcafheter. The optical energy heats the tip to cau- 
terize the tissue surrounding the neck of the aneurysm 
or other vascular opening to be occluded. The catheter 
is provided with' a balloon located on or adjacent to its 
distal end to cut oft biood flow to the site to be cauter- 
ised and occluded. Normally, the biood flow would carry 
away the heat at the catheter tip, thereby preventing 
cauterisation. The heat in the tip also serves to melt the 
adhesive used to secure the tip to the distal end of: the; 
optical fiber, if all goes we!!, the tip can be' separated*' 
from the optical fiber and left p place in the neck of She 
aneurysm, provided that the cauterization is complete 
at the same lime as the hot melt adhesive mete. 
[001 S] A thrombus is not formed from the heated tip: 
instead, blood tissue surrounding the tip is coagulated. 
Coagulation is a denaturatiors of protein to form a con-: 
nective-like tissue similar to that which occurs whan- the 
albumen of an egg is heated and coagulates from a 
clear running liquid to an opaque white solid. The tissue 
characteristics and composition of tfne coagulated tis- 



sue is therefore substantially distinct from the throrrtbo- 
sis which is farmed by the thrombotic aggregation of 
white and red biood ceils, platelets and fibrinogen, The 
CoaguiaSv'sfesue « substantially softer than a thrombic 

s mass and cart therefore more easily be dislodged 
|001:6]: O'Reiiiy's device depends at least in part upon 
Ihe successful cauterization timed to occur no later than 
tie detachment of the heat tip from the optic fiber. The 
heated tip must also be proportionally steed to the neck 

to of the aneurysm In order to effectively coagulate the tis- 
sue surrounding it to form a blockage at the neck, if is 
believed that the tissue in the interior of the aneurysm 
remains substantially uneoagulated. In addition, the hot 
melt adhesive attaching the Hp to the optic fiber melts 

is and is dispersed into f he adjacent blood tissue where it 
resolidifies to form free particles within the intracranial 
blood stream with much the same disadvantages which 
result from fragmentation of a ferromagnetic efeefro- 
thrcmbosis. 

se [0017] Therefore, what is needed is an apparatus 
which avoids each of the shortcomings and limitations 
of the prior art discussed above. 
.fj0018| ; US-A-4 748 986 discloses a guidewire 
intended for use In guiding a catheter into smali vessels 

se in vascular systems;, particularly info cardiovascular 
systems. The guidewire includes a main flexible aloft- 
gate eiemenf formed of a high torsional strength mate- 
ria! such as stainless steel, in one embodiment (Figures 
1-3) this element includes a tapered intermediate por- 

$o fkm and a flattened distal portion. An elongate coil, 
formed of a suitable material such as Stainless steed is 
provided concenfi icaSy on the flexible elongate element 
and extends substantially the entire length thereof from 
the proximal end to the distal end of the tapered portion. 

33 A TEFLON coating is provided on the coli to enhance its 
lubricity. A further cos; is provided adjoining the stainless 
steel coil and extending disra'Sy therefrom. This further 
coil is formed of a materia! which is substantially radioo- 
paque, such as platinum. The distal end of the stainless 

40 steel coll and the proximal extremity of the platinum coil 
are threaded together and brazed to 'the distal tip of the 
tapered portion of the elongate element. The flattened 
distal portion of the elongate element extends longitudi- 
nally Inside the platinum coll. A tungsten safety ribbon 

4S also extends from the brazed connection to a rounded 
gold protrusion provided at the distal esctremity of the 
platinum coil. 

IDS193 According to the present invention there is pro- 
vided a combination of a guidewlre and a voltage 
so source, the guldewire being connected to fie voltage 
source: and being for use with a microcathetar in 
endovasGular eieclrothrombosis, She guidewire com- 
prising; 

$5 a core wire having a main body and a distal portion; 
and 

a tip portion for endovascuiar insertion within a vas- 
cular cavity, said tip portion being coupled to said 
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main body via said distel portion and comprised of 
material not susceptible to electrolytic dlsrnfegra- 
?ion in bipod; 

wherein said distel portion is susceptible to electro- 
lytic disintegration in blood whereby, on the applica- 
tion of current to the guidewire by the voltage 
source when said tip portion is disposed in the vas- 
cular cavity, endovasoular eiectrothrombosis can be 
performed and a! least one portion of said distal 
portion eleetroiyiiealiy disintegrated to detach said 
tip portion from said main body. 



3] Preferably the distal portion comprises an 
exposed stainless steel coil connected at its proximal 
end to the core wire and connected -at its distal end to 
the tip portion. The distai portion may further comprise 
a threadlike extension of the mam body of the core wire 
extending concentrically within the stainless steel coii 
and connected at its distal end to the connection of the 
distal end of tie stainless steel call and the tip portion. 
In this case, both the threadlike extension and the stain- 
less steel coii need to be eiectroiyticatly disintegrated at 
least at one point in order to detach the tip portion from 
the main body. Alternatively, the threadlike extension 
may be omitted so that the stainless steel col! defines 
■art inferior space thai is free and unenforced 
|00Si] in some embodiments the tip portion is a plati- 
num corf 

[0022] The tip portion advantageously may be a long 
and pliable segment having a length sufficient to sub' 
stantiaiiy f iff the vascular cavity whan disposed therein. 
|0023I The long and pliable segment may not be 
prebiased. Alternatively, if may be prebiaseti to form a 
helix or spiral when advanced from a microcathefer into 
the vascular cavity. It may be prebiased to have a coni- 
cal envelope or to have a cylindrical envelope. 
SJSQ2.4] Embodiments of guidewires in accordance with 
the present invention will now be described, by way of 
example only, with reference to the accompanying 
drawings, in which: 

Figure 1 is a partially cross-sectioned side view of a 
first embodiment of guidewire in accordance with 
the present invention; 

Figure 1 A is an enlargement of the distal end of the 
guidewire ol Figure 1 ; 

Figure 2 is a partially cross-sectioned side view of a 
second embodiment of a guidewire in accordance 
with the present invention; 
Figure 2 A is an enlargement of the distal end of the 

guidewire of Figure 2; 

Figure 3 is an enlarged side view of a third embod- 
iment of a guidewire in accordance with the present 
invention, with a microcathefer portion cut away in 
longitudinal cross-sectional view; 
Figure 4 is a simplified depiction of the guidewire of 
Figure 3 shown disposed within a simple cranial 
aneurysm; and 



Figure 5 is a depiction of the guidewire of Figure 4 
shown after electrolytic detachment of its detacha- 
ble coif, 

* [0625} An artery, vein, aneurysm, vascular malforma- 
tion or arterial fistula is occluded through endovasoular 
eiectrcfthrorrfei^is by the endovasoular insertion of a 
platinum guidewire into the vascular cavity fallowed 
by application of a positive current. The guidewire tip is 

m than separated from the guidewire by electrolytic sepa- 
ration of the tip from the guidewire. A portion of the 
gurdfesHfe connected between the Hp and the body of 
the guidewire & comprised of stainless steel and 
exposed to the bloodstream so that upon continued 

rs application of a positive current to the exposed portion, 
the exposed portion is corroded away at least at one 
location and the tip is separated from the body of the 
guidewire. The guidewire -and the microcatheter are 
thereafter removed leaving the guidewire tip embedded 

: » in the thrombus formed within the .vascular cavity, 

[8026] In Figure 1 a conventional Teflon (registered 
trade mark) laminated or similarly insulated stainless 
steel guidewire 10 is disposed within a protective micro* 
catheter (not shown). Stainless steel guidewire 10 is 

as approximately 0.254-0.508 mm in diameter. In the iljtfs- 
frated embodiment, guidewire 10 is taper** aft its distal 
end to form a conical section 12 which joins a section 14 
of reduced diameter which extends tongfcdinally along 
a length 16 of guidewire 10. Section IS then narrows 

so gradually down to a thin threadlike portion 18 beginning 
at a first bonding location 20 and ending at a second 
bonding location 22. 

(00272 The stainless steel guidewire 10, comprised of 
that portion disposed within the rracrccatheter body, 

as tapered section 12, reduced diameter section 18 and 
threadlrke section 18, is collectively referred to as a core 
wire which typically is 50 - 300 cm. in length, 
[00281 in the illustrated embodiment the portion of the 
core wire extending from tapered section 12 to: second 

■*o bonding location £2 is collectively referred to as the 
grinding length and may typically be between 20 and 50 
cm. in length. 

[0029] Reduced diameter portion 14 and at least part 
cf sections 12 and first bonding location 20 may be gov- 
'ts ered with an insulating Teflon laminate 24 which encap- 
soteesthe underlying portion of guidewire 10 to prevent 
contact with the blood 

[0S30| A stainless steel coil 26 Js soldered to the prox- 
imate end of threadlike portion 18 ol guidewire 10at. first 

so bonding; location 20 Stainless steel coil 26 is typically 3 
to 10 Mi, in length and like guidewire 1 0 has a diameter 
typically between 0.254-0.508 mm. 
[0S31] The distal end of stainiess steel coil 26 is sol- 
dered to the distal end of threadlike portion 18 of 

ss gudewirs 10 and to the proximal end of a platinum sec- 
ondary coii 28 at second bonding locaSon 22, Second- 
ary coii 2S stsall forms a spiral or helix typically between 
2 to 10 mm. irs diameter. The helical envelope formed by 
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secondary coll 28 may be cylindrical or conical Like 
guidewire to and stainless steef coil 28, secondary coil 
28 is between approximately 0.254-0.508 mm In diame- 
ter. The diameter of the wire itself forming stainless 
steel coii 26 and coil 28 is approximately between 0.025 
- 0.127 mm (0.001 - 0.005 inch). 
[0032] The distal end of secondary coil 28 Is provided 
with a platinum soldered tip 30 to form a rounded and 
smooth termination to avoid puncturing the aneurysm or 
tearing tissue. 

[Q033] Although pf ebiased to form a cyl irtdf real Of eon- 
ica! envelope, secondary coii 26 is extremely soft and its 
overall shape is easily deformed. When inserted within 
the mterocathef er (not shown), secondary coil 28 is eas- 
ily straightened to lie axially within the microcatheter. 
Once disposed out of the tip of the microcatheter, sec- 
ondary coil 28 forms the shape shown in Figure 1 and 
may similarly be loosely deformed to the interior shape 
of the aneurysm. 

[0034] As will be described below in greater detail In 
connection with the third embodiment of Figure 3, after 
placement of secondary coil 28 within the interior of the 
aneurysm, a direct current Is applied to gudewire 10 
from a voltage source exterior to the body. The positive 
charge on secondary coil 28 within tne cavity of the 
aneurysm causes a thrombus to form within the aneu- 
rysm by elecirolhrombosis. Detachment of the tip 
occurs either: (1) by continued application of currant for 
a predetermined time when the portion 1 8 is exposed lo 
blood; or (2) by movement of the wire to expose portion 
1 8 to Wood followed by continued current application for 
a predetermined time, intimately, both threadlike por- 
tion and stainless steel coii 26 will be completely disin- 
tegrated at least at one point, thereby allowing 
guidewire 10 to be withdrawn from the vascular space 
while leaving secondary coii 28 embedded within the 
thrombus formed within the aneurysm. 
[0035] Figure 2 illustrates in enlarged partialy cross- 
sectional view a second embodiment of the invention. 
Stainless steel core 32 terminates in a conical distal 
portion 34. Stainless steel coll 36, shown in cross-sec- 
tional view, is soldered to distal portion 34 of ouldewire 
32 at bonding location 38. The opposing end of the 
stainless steel coi! 36 is provided with a soldered, 
rounded platinum tip 40. In the illustrated embodiment, 
stainless steel core wire 32 is approximately 0.010 inch 
in diameter with the length of stainless steel coil 36 
being approximately 8 cm. with the longitudinal length of 
platinum tip 40 being between 3 and 10 mm. The total 
length of guidewite 32 from tip 40 to the proximate end 
is approximately 150 cm. 

[003S] The embodiment of Figure 2 is utilized in 
exactly the same manner as described above in con- 
nection with Figure 1 to form a thrombfe mass within an 
aneurysm or other vascular cavity. The embodiment of 
Figure 2 is distinguished from that shown in Figure 1 by 
the absence of the extension of stainless core 32 
through coii 36 to tip 40. In the case of the embodiment 



of Figure 2 no inner core or reinforcement is provided 
within stainless steel coil 38. Threadlike portion 18 is 
provided in the embodiment of Figure 1 to allow 
increased tensile strength of the guidewire. However, a 

s degree of flexibility of the guidewire is sacrificed by the 
Inclusion even of threadlike tip 18, so that the embodi- 
ment of Figure 2 provides a more flexible tip, at least for 
that portion of the microguidewire constituting the stain- 
less steel coil 38. 

jo [0037] it is expressly understood that the helical sec- 
ondary coil tip of the embodiment of Figure 1 could sim- 
ilarly be attached to stainless steei coil 36 of the 
embodiment of Figure 2 without departing from the 
scope of the invention. 

is [0038] Thinned and threadlike portion guidewirss dis- 
posed concentrically within colled portions are well 
known and are shown in Arttoshkiw, "Disposable 
Guidewire", U.S. Patent 3,789,841 (1974); Sepetka et 
a!., "Guidewlre Device", U.S. Patent 4,832,047 (1989}; 

so Engleson, "Catheter Guidewire", U.S. Patent 4,834,579 
(1989); Samson et at., "Guidewlre tor Catheters", U.S. 
Patent 4,538,522 (1985); and Samson et al., "Catheter 
Gifidewire with Short Spring Tip and Method of Using 
the Same", U.S. Patent 4,554,929 (198S). 

ss J0039J Turn now to the third embodiment of the inven- 
tion as shown in Figure 3. Figure 3 shows an enlarged 
side view of a guidewlre, generally denoted by reference 
numeral 42. disposed within a rntcrocatfteter 44 shown 
in cross-sectional view, Like the embodiment of Figure 

30 1,8 stainless steel coil 46 is soldered to a conical por- 
tion 48 of guidewire 22 at a first bonding location SO, A 
thin threadlike extension 52 is then longitudinally dis- 
posed within stainless steel coil 46 to s second bonding 
location 54 where stainless steel coii 48 and threadlike 

ss portion 52 are soldered to a soft platinum coii 56. Plati- 
num cot! 56 is not prebiased, nor does it contain any 
Internal reinforcement, but is a free and open coii similar 
in that respect to stainless steel coil 38 of the embodi- 
ment of Figure 2. 

40 [0040] However, platinum coil 56 is particularly distin- 
guished by Its length of approximately 1 to 50 cm. and 
by its flexibility. The platinum or platinum alloy used is 
particularly pliable and the diameter of the wire used lo 
form platinum coii 56 is approximately 0.025 - 0.1 27 mm 

is (0.001 - 0.005 inch} in diameter. The distal end of plati- 
num coil 56 is provided with a smooth and rounded plat- 
inum tip 58 similar in that respect to tips 30 and 40 of 
Figures 1 and 2, respectively. 
[0041 ] When coil 56 is disposed within microcatheter 

so 44, It lies along the longitudinal lumen 60 defined by 
mferoeatbeter 44 The distal end 62 of microcatheter 60 
as then placed into the neck of the aneurysm and the 
guidewlre 42 ss advanced, thereby feeding tip 58 and 
platinum coil SS into aneurysm 84 until bonding location 

ss 50 resides In the neck of the aneurysm as best depicted 
in the diagrammatic cross-sectional view of Figure 4. 
[0042] Figure 4 illustrates the insertion of the embod- 
iment of Figure 3 within a vessel 66 with distal tip of 
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microcatheter 44 positioned near neck 68. of aneurysm 
64. Coil 56 is fad into aneurysm 84 until at least a por- 
tion of stainless steel coil 46 is exposed beyond trie dis- 
tal tip 62 of microcafteter 44. A positive electric current 
of approximately 0.01 to 2 ntfiamps at 6.1 - 8 volte is 
applied to guidewire 42 to form the thrombus. Typically 
a thrombus will form within three to five minutes. The 
negative pole 72 of voltage source 70 is typically placed 
over and in contact with the skin. 
[8G43J After the thrombus has been formed and the 
aneurysm completely occluded, tip 58 and cott 58 are 
detached from guidewire 42 by electrolytic disintegra- 
tion of at least one portion of stainless steel coil 46. In 
the ilustrated embodiment this is accomplished by con- 
tinued application of current until the total time of current 
application is almost approximately four minutes. 
10044] At least one portion of stainless steel coil 46 
will be completely dissolved through by electrolytic 
action within 3 to 10 minutes, usually about 4 minutes. 
After separation by electrolytic disintegration, guidewire 
42, rnjcrocatheter 44 and the remaining portion of coil 
46 still attached to guidewire 42 are removed from ves- 
sel 88, leaving aneurysm 64 completely occluded as 
diagfammsticaiiy depicted in Figure 5 by thrombus 74. St 
will be appreciated that the time of disintegration may be 
yarifid S^ altering the dimensions of the portions of the 
iMr&arid/b'r the current. 

[8045] The process is practiced under fluoroscopic 
cahtfio{«^:k3Caf afle^h^fe^^egrpiri. A transfemorai 
miCrocatheter is utifeed to treat the cerebral aneurysm. 
The platinum is not affected by electrolysis and the 
remaining portions of the microcathetef are insulated 
either by a : Tsfforr lamination directly on guidewire 42 
and/or by mtcrcoatftetar 44. Only the exposed portion of 
the guidewire 48 is affected by the electrolysis. 
£O04§] It has further been discovered that thrombus 74 
continues to form ever! after detachment from guidewire 
42, it is believed that a positive charge is retained on or 
near cos! 56 which therefore continues to attract plate- 
lets, whits blood ceils, red blood ceils and fibrinogen 
within aneurysm 64. 

10047] Many alterations and modifications may be 
made by those having ordinary skill in the art. There- 
fore, it must be understood that the shape of the tip or 
distal platinum coil used In combination with the 
guidewire according to the invention may be provided 
with a variety of shapes and envelopes. Still further, the 
diameter Of the guidewire, various of the guidewire 
described above and the stainless steel coil immedi- 
ately proximal to the. detachable tip may be provided 
with differing diameters or cross sections to vary the 
times arid current magnitudes necessary in order to 
effectuate electrolytic detachment from the tip. SSI! fur- 
ther, the invention may include conventional electronics 
connected to the proximal end of the guidewire for 1 
determining the exact instant ;-of detachment of the distal 
tip from the guidewire. 

|0048] Therefore, the Bluet rated embodiments have 



been -est .forth only for the purposes of clarity and exam* 
pie and shoufei not be taken as limiting the invention as 
defined by the following claims. 

The following is a non-limitative summary of 
s the preferred methods of use of the illustrated embodi- 
ments of guidewires. 

P058J The above described embodiments oi 
guidewsres may be used to form a thrombus within a 
vascular cavity by first endovascularly disposing the 

io guidaMsfe, near an endcvascular opening Into the vas- 
cular cavity. The distal tip of the guidewire is then dis- 
posed into the vascular cavity. An electrical signal is 
.applied to the distal tip within the vascular cavity to form 
a thrombus within the vascular cavity about the distal 

is tip. The disteti tip is detached from the main body of the 
guidewire to leave the distal tip within the vascular cavity 
and the thrombus electrically formed within the vascular 
cavity. 

190511 As a result, electrics; formation of a thrombus 

2SJ is completely endovascutarly formed. 

{0852] The step ot disposing the distal tip in lha vas- 
cular cavity further comprises the step of substantially 
occupying the vascular cavity with the distal tip. 
[0053] to one embodiment the step of substantially 

25 occupying the vascular cavity comprises the step of fill? 
mg the vascuSar cavity with a long and pliable length of 
the distal tip, 

[0054] The step of detaching the distal tip from the 
main body of the guidewire comprises the step of siec- 

so trolytlcaily detaching the distal tip, 

[8055] The step of electronically detaching the distal 
tip from the main body of the guidewire comprises: the 
step of eiectrofyifcalty disintegrating si leas one portion 
of a connecting segment extending between the main 

as body of the guidewire and the distal tip. 

[9086] The step of electrolySicaily disintegrating the 
connecting segment comprises the step of aieCtfoSytj- 
caily corroding away at ieast a portion of a coil segment. 
[0057] The step of electroiytically corroding the coil 

-« segment comprises the stap of elactrolytfcally disinte- 
grating a stainless steel coil segment. 
JQ058] The step of applying an electrical signal to the 
distal tip to form the thrombus comprises the step of 
applying a positive direct current for a first pradeter- 

« mined time .period. The tip can be detached In at least 
three different ways. First, the same current for forming 
the thrombosis may also simultaneously be used to 
detect) the Hp. Second, the current which forms the 
thrombosis or initiates the continuing formation of the 

So thrombosis during a following period of no current, is fol- 
lowed by a current of the same or different magnitude 
during a second time period to aff ect detachment Third, 
toe thrombosis is formed during a time period during 
which the diStntagfatabte distal portion of the core wire 

ss is. arranged and configured not to be exposed to the 
blood, Tfts guktowire is then repositioned so the disinte- 
grates portion is exposed to electrolytic disintegration 
in the hfood by application of the same or different lave! 



S 
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of current for an additional time period to effect defaetv 
meni 

Claims 



1, 



A combination of a guitiewire (10,42) and .a voltage 
source (70), the gutdewire (10.42) being connected 
to the voltage source (70) and being for use with a 
rrtcrooatheief (44) in endovascuiar electrothrombo- 
sis, the guidewire {10,42} comprising: 

a core wire hawing a main body (12,1S;32) and 
a distal portion {18,28,36,46); and 
a tip portion (28,56) for endovascuiar insertion 
within a vascular cavity, said tip portion being 
coupled to said main body (12,16,32) via said 
tiistaf portion (18,28,36,46) and comprised of 
material not susceptible to electrolytic disinte- 
gration in blood; . 
wherein said distal portion (18,26,36,48) is 
susceptible to electrolytic disintegration in 
blood whereby, on the application of current to 
. the guidewire (10,42) by the voltage source 
when said tip portion (28,56) is disposed in the 
vascular cavity, endovascuiar eiectrothrornbo- 
sis can fas per formed and at least one portion 
of said distal portion (16,26,38,46) electroiyti- 
caiiy disintegrated to detach said lip portion 



2. 



4. 



S. 



(28,56) front said main body (12,16,82). 

A combination as claimed in claim i , wherein said 
distal portion (18,26,36,46) comprises an 9>?xjsed 



wh&etn the stainless steel coS (26) is between 3 
and 143 crn In length and has a diameter between 
0,254 rwi and 0.508 mm. 



A combination as claimed in claim 2, wherein said 
stainless steel segment comprises a stainless steel 
coil (26,38,46) connected at its proximal arid to said 
core wire and connected at its distal end to said tip 
portion (28,56). 

A combination as claimed In claim 3, wherein said 
stairless steel segment further comprises a thread- 
like extension (18,52) of the main body (12,16) of 
the core wire extending concentrically within said 
stainless steel coil (26,46) and connected at its dis- 
tal end to the connection of the distal end ot fee 
stainless steel coil (26,46) and the tip portion 
(28,56), both said threadlike extension (18,52) and 
said stainless steel coil (26,45} being susceptible to 
electrolytic disintegration at least at one point in 
order to detach the tip portion (28.56) from the main 
body (12,16), 



A combination as claimed in claim 3, whereiri: 
stainless steel coif (36} defines an interior spaces- 
said interior space being free and unreinfcrced. 



10 



is 



7. A combination as claimed in any one of the preced- 
ing claims, wherein the tip portion (28,56) Is com- 
prised of a metal not susceptible to electrolytic 
disintegration in blood. 

8. A cpmfoinaSGn as claimed in claim 1 , wherein the tip 
portion (28,56) is made of platinum or platinum 
ailoy. 

9. A combination as claimed in claim S, wherein the tip 
portion (28,56) is made of 479 platinum alloy. 

10. A combination as claimed in any one of the preced- 
ing claims, wherein the tip portion (28,56) is a long 
and pliable segment. 

11. A combination as claimed in any one of claims 1 to 
4, wherein the tip portion (28) comprises a long and 
pilabie segment and said segment is prebiased to 
form a helical or spiral coil when advanced from the 
microcatheter info the vascular cavity. 

12. A combination as claimed in claim 14, wherein the 
helical or spiral coil Is between 2 end 10 mm in 



6, A combination ss claimed in claim 3 or claim 4, 



3d 

13. A combination as claimed in claim 11 or Ciaiiti 12, 
wherein tie helical or spiral coil is prebiesed to 
have a conical envelope, 

m 14. A comfoinatjon as claimed in claim 11 or claim 12, 
wherein the helical or spiral coii is prebiased to 
have a cylindrical envelope. 

1 5. A combination as claimed in any one of claims 1 to 
fo 4, wherein the tip portion (56) comprises a coii 

which is not prehiased. 

16. A combination as claimed In claim 15, wherein the 
tip portion (56) has a length. of approximately 1 to 

45 50 crn. 

17. A combination as claimed In any one of claims 1 to 
4 f wherein the tip portion (28) is comprised of a 
metal not susceptible to electrolytic disintegration in 

so blood, is a long and pliable segment and comprises 
a eoif formed by the long and pliable segment. 

18. A combination as claimed in claim 17, wherein the 
coii has a diameter of between 0.254 and 0.508 

ss mm. 

19. A combination as claimed in claim 17 or claim 18, 
wherein the diameter of wire wound to form the coil 
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is approximately between 0.025 ami 0.125 mm. 

A combination as claimed in claim 15, wherein the 
coil of the tip portion (56) defines an interior space, 
said interior space being free and unenforced. 4 



A combination as claimed in any one of the preced- 
ing claims, wherein the distal end of the tip portion 
(28,56) is provided with a platinum soldered tip 
(30,58) to form a -founded and smooth termination 
to avoid puncturing the vascular cavity. 



{44} in der endovsskiJareri Eiektrothrombose ver- 
wendetwird, unci der Fuhrursgsdraht {10, 42) aut- 



re 



22. A combination as claimed In any one of daims 1 to 
4, wherein the core wire is between 50 and 300 cm 

in length. is 

23. A combination as claimed in any one of claims 1 to 
4, wherein the main body {12,16,32} of the core 
wire is covered with insulation (24) to prevent the 
underlying portion of the guidewire from coming so 
into contact with blood. 



24i A combination as claimed in any one of claims 15, 
18 and 20, wherein the voltage source (70) to which 
She guidewire is connected is arranged to supply a 
current: of approximately 0.01 to 2 mifliamps to tie 
guidewire at 0.1 io S volts. 

25, A combination a$ claSmisd In claim 24, wherein the 
distal portion (46) of the core wire is such twit. 
when the voltage source {70} is operated with the 
tip portion (56) disposed in the vascular cavity, elec- 
trolytic disintegration of said at least one portion of 
the distal portion (46) of the core wire takes place 
wilhirt&.to 10 minutes, preferably about 4 minutes, 
to detach the tip portion from the main body of the 
core wire, 

26. A combination as claimed in any one of daims IS, 
16, 20, 24 and 25, wherein the voltage source (70) 
includes a negative pole (72) 'for placement In con- 
tact with the shin of the patient having the vascular 



27. A combination as claimed In any one of the preced- 
ing claims, wherein the vascular cavity Is an aneu- 
rysm, 

28. A combination as claimed in any one of the preced- 
ing claims, further comprising the mierocatheter 
(44). having the guidewire (10,42) disposed therein. 



so 3. 



45 



siners Kerndraht, der einen Hauplkorper (12, 
16; 32) und eine distaien Afoschniit (18, 26; 36, 
4Q:ha*>und 

einsn Spitzenabschnitt (28, 58), der zur endo- 
vaskuiSren Einfuhrung ipnerhato sines BSutge- 
faBes Ml dem Hauptkorpsr (12, 16, 32) uber 
den distaien Abschrtitt (18. 26, 38, 46} gekop- 
petf 1st. und aus elnem Material besfehl, wel- 
ches fen Kut nicht atektrofytiseh auslosbar ist; 
wobsi der disiaie Abschnitt (18, 26, 36, 46) dar 
eiektroiytischen Aufiosung im Slut unierworfen 
ist woefuf eft bei der Einspeisung von Strom in 
den FfjnrurigsdrBfrt (10, 42) durch die Span- 
•nungsoueBs, mm der Spiteenabschnitt (28, 
56) in dem BlufgefafS liegt, sine endovsskulars 
EieWrothfomfaose durchgefuftrt warden kann 
und wenigstens sin TeiS des distaien Abschoifts 
(18, 26, 36, 46) elektroiytisch aufgelost wird, 
utn dsn Spiteenabschnltt (28, 56) vom Haupt- 
korpsr (12, 16, 32) su trennen. 

Kombinafion nach Anspruch 1, bei tier der disiaje 
Abschnitt (18, 26, 36, 46) sin freiHegsndes Seg- 
ment aus rosttreiem Stahi aufwesst 

ftanibittatioh nach Anspruch 2, bei: der das Seg- 
ment aus rostfreiem Stehi sine rostfreie Staftlspuis 
-(28, 36, 46) aufweist, die an ihrem proxiimaien Eride 
mit dem Kerndraht und an ihrem distaien Ends mil 
dem Spiteenabschnitt (28, 56} verburtden ist. 

Kon*ination nach Anspruch 3, bei der das Seg- 
ment aus rosifreiem Stall! auSerdem eine fadenar- 
tjg« Veriangerung (18, 52) des Hauptkfirpers (12, 
16) des Ksmdrahte aufweist, die sicft konsentrisch 
innemsSj der rostfrelen Stahispuie (26, 48) 
erstreckt und an ihrem distaien Ende mit der Ver- 
bindung des distaien Endes der rosffreien Stahis- 
puie (26, 46) mit dem Spitzenahsehnitt (28, 56) 
verbunden ist, wobei sowohi die fadenartige Verian- 
gerung (18, 52} als auch die rostSreie Stahispuie 
{26, 48) der etektrolytischen Auficsung an wenig- 
stens eirsern Punfct urtferworfen and, urn den Spit- 
zenabsehnitt (£8, 56) vom Hauptkorper {12, 16) 
abatfjeslnen. 

Komblnation nach Anspruch 3, bei der die rostfreie 
Stahispuie (36) einen Inaenraum definiert, der frei 
und unyerst&rxt ist. 



1, Kombination etnes FGhrungsdmms (10, 42) mit 
einer Spannungsquelle (70), bei der der Fuhrungs- 
draht (10, 42) mit der Spannungsquelle 170) ver 
bunden ist und zussmmen mit eirtam Mikrokatheter 



Sff ®. Kbrnbinaflon nach Anspruch 3 oder 4, be: der die 
rostfreie Stahispuie (28) swischen 3 cm und 10 cm 
lang is! und einen Durchmesser zwischen 0,254 
mm und 0,508 mm hat. 
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7. Kombmation nach einem o'er vos-angehenden 
AnsprOche, bai der der Spiteenabsohnitt (28, 56} 
aus einem cier eSakfrdyfeeheri Aufta^ng ira Blul 
nichi unterworferien Metal! bestehi 

8. KoRibinatiD-i nach Anspruch 1 . bei titer der Sjatesn- 
abscfwHt (28, 56) aus Piatin refer einer Platiniegie- 
rung besteht. 

9. Kortibination nach Anspruch 8, bei der der %5ifeen- 
absehnitt (28, 56) aus 479 Piaiiniegierung besieht 

t0, Kombination nach einem der vorangehenden 
AnsprOche, bei der der Spteenataschnfti (28, 56} 
ein ianges und biegsames Segment 1st. 



SO. KfM*>i nation nach Anspruch 1 5, bei der die Spule 
des Spiteenabschnte (56) eirsen Snrsenraum deft- 
raeri, weicher 1m und uttverst&r kt 1st 

« 21. fferibinstbn mch einem der vorangehenden 
Anspruehe, bei der das dfeiale Ersde des Spitzerv 
abscbnitts (28, 56) mil einer piatingeSdieter. Spites 
(28, §3) versehen 1st und ein abgerundetes und 
giaffes Ende bitdei, urn so airten Durcfrsiich des 

io PutgefaSes zu vermsidsn. 

22, Kombinaiion nach einem der AnsprOche 1 -4, bei 
der der Kemdraht zwischert 50 cm unci 300 cm iang 



11. Kombination nach einem der AnsprOche 1-4, bei 
der der Spitzenabsehnrit (2S) ein Ganges una bieg- 
sames Segment aufweist und das Segment vorge- 
spannt 1st, um eine Schrauben- odsr Spiralspule zu 
biiden, wenn es vom Mikrokatheter i'n das 3!u;ge- 
ffi8 vorgeschoban wird, 

12. Kombinatian nacft Anspruch 1 1 , be: der die Schrau- 
ben- odsr Spiralspute zwtscnen 2 mm und 10 mm 
Burchmesser hat. 

13. Kombination nach .Anspruch 11 cxier 18, bei der die 
SchraM&en- odes Spiralspuie asu einer kegeifdrmi- 
pnginhdilefideri yorgespannt 1st. 

14. Kqmbinatioh nach Anspruch 11 Oder IS, bei der die 
Scrjratiber!- Oder SpiraSspiJie in Form einer zyiindd- 
schan EinhOlienden vorgespanrvl ist 

15. Kombination nach einem der Anspruche 1-4, be: 
der der Spitzensbschnitt (56) &m Spuie aufweist. 
die nicbt vorgespannt 1st. . 

16. Kombination nach Anspruch IS, bei der der Spft- 
zenabscbnitt (56) sine Lange von annahernd 1 cm 
bis 50 cm hat. 

17. Kombinatsori -rtaeh einem der Anspruche 1-4, bei 
der der Spitzenabschnitt {28) aus einem der eiek- 
troiyiiseberi Aufiesung im B!ut nicbt unterworfenert 
Meted! besteW; ein ianges und biegsarnes Segment 
ist und sine dutch das langs und bisgsarne Seg- 
ment gebiidete Spuie aufweist. 

18. Kombinaiion nach Anspruch 17, bei der die Spwie 
sinen Durehrnesser swisehen 0,254 mm und 0,508 
mm hat 

1 S. KomSsnaticn nach Anspruch 1 7 oder 1 8, ba der der 
Durehrnesser des .zur Spiie gewid^ter, Drahta 
annarsernd zwischen 0,025 mm ursd 0,125 mm 

fiegt 



1S 

2&, Kombinaiion nach einam der Asisprucbe 1-4, bei 
der der HjiijptkSrper (12. 16, 32) des Kerndrahts 
mit einer is-x)iatai (24) umbulft ist, um den darirter 
Regertden Abschnitt des Ftihrungdrahts wot einer 
so Beruftrung mit Biu* zu schutzen. 



24. Kombination nach e<nem der AnsprOche 15, 16 und 
20, be: der die mit dem FOhrungsdraht vei'bunderss 
.Spannurts^queile {70) so eingerichtet ist, daS sis 

es dem FOhrungsdraht einen Strom von annaharhd 
0.01 -S Miiliampere bei 0,1-6 Voit elrtspelst. 

25. Kbmbination nach Anspruch 24, b# dsr der distais 
Abschnitt (46) des Ksrndrahte so ist, daB, wenn dss 

so Spannungsquelie (70) mit dem im BlutgefaBiiegsfi- 
dert Spitzenabschnitt (58) betrieben wild, eirs elek- 
irolytische Aufldsung wenigsiens sines TssS? des 
distaien Abschnitts (46) cies Kerndrahts nnerhalb 
von 3-10 Minuten, bevcraigt imwhaib sfwii 4 

35 Minoten stapridet, um dsn Spit^snabschnHt pro 
HaupSkorper des Kerndrahts abzulSsen. 

26. Kombination nach einem der Artsprpohe 15, 16, 20, 
24 und 25, bei der die Spannungsqusiie {70} einen 

40 negativen Pol (72) enthait, der in Kontakt rnit der 
Haut des Patienten mit dem BiutgetSS bringbar ist. 

27. Kombination nach einem der vorangehsnden 
Aflspruche, bei der das BlutgeSB ein Aneurysma 



28, Kombination nach einem der vorangehenden 
AnsprOche die auSerdem den Mikrokatheler (44) 
mit dem darin fiegenden Fahrungsdraftt {10, 42) 
so ^ifweist. 

RewsndscatioRS 

1. Cksmbinaisors d'un fii de guidage (10, 42) et d'une 
55 source de tension (70), te fii de guidage (10, 42) 
etarrt eonnecte a ia source de tension (70) et Slant 
destine a i'utiiisation avec un microcatheter (44) 
dans i'eiectrothrombose ersdovasculaire, is fii de 
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guidage (10, 42) comprenant : 

urs fil de coeur component un corps principal 
(12, 16 ; 32) et une parse distaie {18, 26 ; 38, 
46) ; et 

une partie da potass (28, 55) pour finsertion 
sndovascutaire a i'interieyr d'une cavite vascu- 
lare, iadite partie de points Stent couple audi; 
corps principal (12, 18. 32) par finterm&Saire 
de iadite partie distaie {18, 26, 38, 46) et com- 
pose* d'un roatsri&u qui n'est pas susceptive 
de subir une disintegration eiesfroiyfiquedans 
le sang ; 

dans iaquelie iadite partie dlsiate {18, 26, 36, 
48} est susceptible de subir une disintegration 
eledxoiytique dans ie sang, grace a quol, iors 
de i'application d'uri courant au fil de guidage 
(10, 42) par <a source de tension toreque iadite 
partie de pointe (28, 56) est disposes dans ia 
cavite vasculare, une eiectrothrombose endo- 
vasculaire petit efre effectuee et au moins une 
partis de iadite partie distaie (18, 26, 38, 46) 
pesjt etre elecfroiytiquement desintegree de 
'fegon ft detacher iadite partis de points (28, 56) 
dudit corps principal (12, 16. 32). 

Pornpinaison: selon la iwendicaiion 1, dans 
laqueils iadite panls distaie {18, 26, 38, 46) ccm- 
prsnd tin segment en acier inoxydable expose. 

Combiriaison satart la revendication 2, dans 
Iaquelie iedit segment en acier inoxydable corn- 
pr©nd :wn serpenlin en acier inoxydable (26, 36, 46) 
raccordi eft son sxtrsmits prnxsmale audit fil de 
COSur et raccdfaa en son extremhe distaie a Iadite 
partie de pointe {28, 56):. 

Combinaison selon la revendication 3, dans 
Iaquelie iedit segment en acser inoxydable com- 
prend de plus un profongement anaiogue a un fila- 
ment (18, 52) du corps principal (12, 16) du fi! de 
coeur, qui s'stend de facon coneentrlque a rinte- 
riaur dudit serpentin en acier inoxydabie (28, 46), et 
qui est raccorde en son extremite distaie au raccor- 
demeni de i'extremite distaie du serpentin en acier 
inoxydabie (26, 4s) et de fa partie de points {28, 
S6). Secfit prciangement analogue a un filament (18, 
52) et iedit sarpentin en acier inoxydabie (26, 46) 
etant tous deux suseeplibies de subir une desinle- 
gration eleciroiyiique au moins en un point de fagcn 
a detacher la partie de pointe (28, 56) du corps 
principal (12, 16). 

Combinaison selon la revendlcation 3. dans 
iaquelie Iedit serpentin en acier inoxydabfs (36) 
detinit un sspace interieur, iedit espace interieur 
etant itbre ej non renfarce. 



6. Cambinaiscr! selon Is revindication 3 ou la revendi- 
catton 4, dans laquslle ie serpentin sn acier fnoxy- 
dable {26) a une longueur comprise entre 3 et id 
cm et a un diarnetre- compns entre 0,254 mm et 

§ 0,508 mm. 

7. Combinaison selon rune queiconque des revsndi- 
saifons pr^csdentes, dans iaquelie la partie de 
pointe {28, 56) se compose d'un metal qui n'est pas 

■iff SMSceptibEe de subir une deslntegralion eiectroiyti- 
que dans iesang. 

8. Combinaison seion fa revendicslion 1. dans 
tequelfe la partie de pointe {28, 58) est realises en 

is plaiine ou eh aiage de piatine. 

S, CoTSTbinaison selon Sa revendication 8, dans 
iaquelie ia partie de pointe (28, 56) est realises en 
alliageds piatsne 47S. 

so 

18. Gornbinaison selon I'une queiconque dee revendi- 
cations pr4oedentes. dans iaquelie \s partie de 
pointe (28, 56) est un segment iong et pliabte, 

.;>$ 11. Combinaison selon I'une queiconque des revindi- 
cations 1 a 4. dans Iaquelie la partie de pointe (28) 
comprerxJ un segment long et pliable, et Iedit seg- 
ment est precontraint de facon a iorrrier uriteecpen" 
tiri {i^iicoTdai ou spiral iorsqu'on Is fait avancer 

so depuis Se microcatheter dans la cai/iie vasoulaire, 

12. Combinasson selon ia revendication 11, dans 
iaquelie ie serpentin belicoidal ou spiral a un dia- 
metje compris entre 2 et 10 mm. 

13. Combinaison selon la revindication 11 ou la reven- 
dicafion 12, dans laqueiie ie serpentin h§lico?dal ou 
spiral est precontraint de facon a avoir une enve- 
ioppe coniqua. 

40 

14. CombinaisoFi salon la revendicafcn 11 ou la reven- 
dicaticn 12, dans Iaquelie ie serpentin halicoi'da! ou 
spiral est prfcontratnt de facon a avoir une enve- 
foppe cylirtdrique, 

4s 

I S. Combinaison selon I'une queiconque des revendi- 
cations 1 a 4, dans iaquelie la partie de pointe (58) 
OTmprend yn serpentin qui n'esf pas precontraint, 

go 1:6. Combinaison selon fa revendication 15, dans 
Saquelia la partis de pointe (56) a une longueur 
ce^priseapproximatlvament entre 1 et 50 cm. 

It. Combinaison seion rune queicottque des revendi- 
ss cations 1 a 4, dans Iaquelie la partie de pointe (28) 
se compose d'un meial qui n'est pas susceptible ds 
subir une desintegration Secirolytique dans ie 
sang, est un segment long at piiabie, et comporte 
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Lsn serpentin forme par ie segment Song ss pliable. 



tS. Combifiai'son seion la revendleafiofl 17, 

faquefis !e serpentin a un dtarnetra compels antra 
0,264 st 0,508 mm, 

19, Combinaisqn seion ia revindication 1 ? ou la rereri- 
dication 18, dans teqiseiis ie diametre du fB enrouie 
pour former ie serpentin est cempris approxirTtefcVe- 
msnt entre 0,025 et 0, 1 25 mm. 



cations prtcedertes, dans iaquelfe !a 
re est un anevrisme. 



28. Oombrnaison ssidrt Rune -qusteonque des 
cations precedentes. eomprenantde plus 
cath&ar (44). darts Isqusi est dispose 



vascu- 



le micro- 
ie fil de 
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28. Coryibinaison seion la revindication -.5, dans 
iaquelie !a serpentin de la parte da paints (56) d&fi- 
nit un espace irtferieur, iedit espace intsrieur etant 
libra et non renforce. rs 



21. Combinaison selon I'uwe queleoocpe des rwer*& 
cations presedenies, dans iaqueils I'axtremite dis- 
tal© de la partis de .points (28, 56) comports one 
points soudee au pfaiin© (30. 58) af in da former tins 
Serminaison ronde et iisse afirs d'sviter de percer la 
cavite vasculasre. 



so 



to 
o 



2Z Oombinaison sslors rune quefconque des rwendi- 
cations 1 & 4, dsns Iaqueils la f ii de coeur a me ton- ss 
gygur comprise antra 50 et 300 cm. 

23, Combinaison selon Time queiconque de© wendi*. 
cations 1 a 4, dans iaquaiie ie corps principal (12, 

"6. 32) du ft! de coeur ast recouvert d'un isofant so 
(24) pour emp§cher la partie sous jacente du $y dfe 
guidaged© venir en contact avec ie sang. 

24, Cdmblnaison sslon rune queiccnqua des revendi- 
catidrts 15,16 at 20, dans Iaqueils la source da ten- as 
ston (70) a taqueile est connects Se fil de guidaae 
est ageneee de facon a deiivrsr un couram eompris 
approxfrnatsvemani entre 0,01 el 2 mffiiamperes au 

f il de guidage sous 0.1 k 6 volts, 

40 

25, Gombsnaison sslon la revendication 24, dans 
iaqueih? la partie distale (48) du fil de coeur est telle 
que, iorsque la source de tension (70) fcnctiorsoe 
avec Sa partie de points (56) dispose® dans la 
cay its vaseuiaire. ia d asintegraf ion eiectrolySqye do 4s 
teste partis au nombre d'au moins utie de ia partie 
disiaie (46) du fil de coeur s'sffecfus en 3 a 10 
minutes, et, ds preference, en 4 minutes environ, 

de fagon. a. detacher ia partie de parte du corps 
principal du fil ds coeur, so 



28. Combinaison seion i'une queiconque des revindi- 
cations 15, 16, 20, 24 et 25, dans laqueile ia source 
de tension (70) comprenti un pois negatii (72) pour 
ia disposition en contact avec ia peats du patient ss 

possstdanf ia cavife vasculare. 

27. Combinaison seion run© queiconqus des rsvendt' 
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